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ABSTRACT. When mining coalface No. 14736 at ČSA mine in Ostrava - Karviná 

(south part of upper Silesian b"sin - North Moravia, Czech Republic) uit.urrUnous 

coal district a number of methods and measw'es aimed t.o prevent. triggering of rock

bursts were introduced. These concern primari]y applications of coa! seam destress 

blasting, no break blasting in overburden and wetting of a coa! seam. lmproving 

blasting accw'acy was based on data from geophysical survey and also t.est. hole 

dri]ling in this dist.rict was assessed. The main geophysical l11ethods were seismo

logical (SL) monitoring and measming ol' seismo-acoustic (SA) emission in eoa[face 

foregrolmd. Prom data eollected by these two methods a time series char"cterizing 

seisrrUe activity in the coalface area were compiled. Mining technology was charac

terized by mÍning advance data and data regarding blasting in coal seams and also 

in overbw·den. All these data IVere jointly processed by " new'al ndwork, whieh had 

to be able to predict future seismic activity and especially to signal a possibility of 

strong events on basis of "lealTlÍng capability" using part of tlte input data. 

KEYWORDS: acoustic ernission, seismologica! monitoring, statist.ical met.hods, neUl'a! 
networks, mining induced tremors - rockbUl'sts 

INTRODUCTION 

In the period hom 8.9.1995 to 31.7.1997 at. Ceskoslovensbi arllládél colliery lllin
ing the coalface no. 14736 clélssified as a hazardous rockburst. are <I of the third 
degree (the bighest) , took place. In regard to this classification syst.ematic seismo
acoustic measuring of this locali ty al1d also contiuuous seislnological rllonitoring of 
the area was carried out .. 

The seismo-acoustic measuring network was assembled fmm 5 -7 seusors posi
tioning of which was changed in relation to coalfélce advélflce. OIIE' of the piezo
electric sensors was locélted always in overburden in él drill hole élpproxiJrléltely 5 m 
long, ot.ber sensors were located in the coal sealtl ( usually two at. eélch heading). SA 
sensors frequency bands were bet.ween 70 Hz alld 2 KHz. 

Seismic meaSllrements were carried out in tbe 1- 50 Hz frequency band. Dat.a 
int.erpretation consisted primarily of monitoring the frequency variat.ion clléluges 
of recordecl signals and seisrnic event-s; at. t.lle Sélrlle t-ill1e energy of seismic evenLs 
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and also spatial focus tnigration were evaluated. Horizontal networks (Slavík et. 
al., 1989) allowed the focus to be located fairly accurately, in the order of tens 
of meters. The vertical compollent of focus location WilS halllperpcl by a lilrger 
margin error but it relative appreciation of different eleviltions of recorded SPiSlllic 
events. Data collected formed a diltabase on the bilSis of wbich tbe Illeilsures agilinst, 
tremors could be improved. These measures consisted of proper blasting tpclllliques 
(improving location and time aťcurilcy of coal seillll distl'ess blilsting fronl il coillface 
and no bl'eak overburden blasting from entries), and/ol' had the tendency to lilllit 
the mining speed, Ol' even to stop the work ilt the cOillface. The objecti VP of 
this work is to process the l'ecorded data by rtIethods of nlUlticllilnllel st.at.isticill 
extrapolation and improve forecasting of future seismic t'vent.s. 

INPUT DATA CHARACTERISTrCS 

aj Seismic Data 
During the entire period 9280 events were recordpd by the seislllic network. It. 

was proven that. events do not. occur uniforndy ill tillle: which W;lS oelDonstrilt.ed 
by energy release in time (Fig. 1). According to the pat.tern of energy dist.riblltion 
the entire period can be split into 5 stages. The length of these st.ages was rlhvilys 
restricted by a strong seismic event. ln the initial mining phase, i.e. during the first 
three stages, the energy distriblltion between the strong seislIlic events was generillly 
homogeneous and independent of mining ildvilnce. This advance hrls chilllged frolll 
0.5 m/day to 3 rn/day (tirst, stage), ilft.er that it reached 1.5 rn/day (piut of the t,hird 
stage), latel' to 2.0 m/ day. 

Dm'ing the fourth stage lasting frolll 12.10.1996 till 4.6.1997, dpspit.p t.he filc! t hat 
the rnining speed was practically the Silme (2 m/ day) theJ'(> was an illcrease of St'iSIII ie 
energy. Following mining cessation on 30.7.1997 il sud den drop of seisl1lic ellergy 
was noticed (fift.h stage), but 11 days lilter the st.rollgest illcluct'd seislllie pVPIII, of 
E = 1.7 .106 J occurred. When the minil1g ilctivity was over, the pllenollleuil were 
locatecl in the cave-in area. 

For aU stages the frequency of energy distribution (EFD) was deterrllined, wbile 
for the fourth stage where the homogeneous distributioll of seisrnic energy WrlS not 
determined, this distriblltion WilS assigned for t.hree partiill intel'vals, characterized 
by a different dE/dt gradient and by a differpnt volume of totill seismic energy 
distribution. Results of these analyses are show II at F ig. 2 ilncl 3. Virl,lIally illl EFD 
have the same form, i.e. in areas wit.h lower energy there is substalltially a lower 
number of events t,han wOllld correspond with negiltive exponent.ial dist.ribnt.ion 
and from the specific energy, which had a characterist.ie villue of 40 J, ill direct.ion 
to higher energies the distribution can be described by a logaritbrnic negiltively 
exponent.ial relation (Holub, 1995; Holub ancl Veselá, 1995; Kaleuclil, 1996; Ruda.iev 
et. al., 1996) : 

log(N) = a - b . 10?;(E). 
It. is known t.hat. t.he scope of t.his energy is indirect.ly proportiollill t.o t.he fIIean 
energy value per event. (t.his is a basic characteristic of negat.ively exponent.ial dis
t.ribution). This relation was experimentally confirmed; for eXill1lple duriug t.he 
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IV) 4.6. 1997 16:56 3,60E+05 J 

V) 11. 8.1997 3:00 1,70E+06J 

FIG. 1. Cumulative energy release, eSA Illine. U pper epochs 1.
V. described seismic energy release between strong mining 
tremors. Lower intervals 1- 6 described changes of average 
rate of mining 
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Linear regression: /og(N) = a - b*/og(E) 
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FTG. 2 .  Energy-frequency clist.ributions for epochs I-III rtnu V. CSA lI1ine 

period when the seislllic energy dist.ribution was t.he lowest. - first. st.rtge, where 

I.he mean energy value per trelllor was 1 89 J - tIJe slope of EFD WrtS b = 0.91. Oll 
the other hand dUl'ing t.he perioel of an incrertsed seisnlie ellergy - fourt.lJ strtge, 
int.erval c - t.he mean energy value reacheel 859.J alld t.lle graeliellt. hrtel a villue of 
b = 0.65. These vrtlues forl1led rt. kinel of integrrtl charrtct.erist.ics process viol<lt.ion, 
but. were not. suit.able for individual seisrnic event. forecrtst.illg. 

Locat.ing of seisfllic event.s facilit.ated spat.irtl Illollit.oring of seislIlic activity de
velopment. in t.he said area. Locations are showll in Fig.4 where agrtin t!te elltire 
coalface lI1ining period was divided in t.he stages elefined above. Frolrl 11Ip fOCIIS 
distribut.ion of t.he first. st.age il. rall be not.iced t.hal t.he spisrllic events were <lecu
I1IUlat.ed in two areas. ln t.he first. area (Iower part. of Fig. 41) there were obviollsly 
seismic event.s elirectly relat.eel t.o t.he st.rtrt. of minillg of cortlfrtee 110. 147�l6. Thp se
cond area of focus accumulat.ioll (t.he upper part. of Fig. 41) WrtS eviclelltly relrtt·.f'd to 
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F'IC. :3. Energy-freqlleucy dislrihllt.ious for ppoch IV. CSA II II lit' 

t.l lf' previous 11Iinlng Clctivily cClrripd out. in 1.llis [l;trl. ol' 1.lw IIlillP (old lVorkillgs ol' I lilO 

lIelghbollrllJg co,tlfřlce :.tml uol. rpcol't'rt'u ovprlJllrdPII sl'cl iOlls illfllJt'uc('U tliP IIlilJillg 

<lctivity prřlct.icřllly t. brougllO l Il Ilw IVllOle IIlilllllg Iwriod). Tlwsl' PI'Pllls II 1;111 iľl'sl ('(I 

rllPologind pror('sses ill rock IIlass PIPII aftpr ,,"dillg nf IIli"ing ;\clivitip,;. [)l\rillg 

the st'concl rUid tllird slag" of rlil' clII'reut.ly lIlilWd ilrea tlwrl' IVas a siguificé1IJI foclIs 

accullJlllat.ion even SOllW pvelll.;; relaled 1.0 previom; 1I1iIJillg act.ivil .y wprp ohsprvpd. 

Durillg t.lle fnurtll é1nd fif't.h stagps Illis calJIJoI. 1)(, dislillgllislwd IlPc;lllsp tlw ,,·llolp 

řlrea lVa.s lllldpr t.llf' illfIIlPIJ('I' of lIot. r('covprpd corllPr spcl iOlls ill ovprhllrdplJ. 

DurilJg (.1](, elJt.ire period f) pvplIl s ill lol al lVe\'(' ohs('rv('d wlwrť' (-'IH'rgy pxcp('ded 

105.1. Tllrp(' of t.llf'SP pvput.s cOllld he classifi('d as rockhllrsls. hf'C;lllSP I.IIP\ l"IH> 

IIlicroseislllic efťpcI.s OIJ IIlillP 1I'0rkiugs. 1\ sl.rollg spislllic PI'Plll Oll "1.(j.1DD7 IJ;HI 110 

eff'f'rt Oll !!lilJe \Vorkiugs. [t CřllJ IlP asslJllwd LI I řlt. it. caliw {roli I I lIP IligllPl' pnrl nf 

t.hf' ovprhllrc!f'!1. In rig.4 rockbllrsl.s řlre J1li'lrkpd \Vil.ll asl.ť'risks alld strollg illclllCeu 

E'velJt.s witllOut. řlIJ)' f'ffprt.s OIJ IllilIP \\'orkiIJgs IVitll nosses. 
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ú) Selsmo((('ollstl(' !Jata 
Sei�lIlic eluissioll 11'i\S lllonitol'f'd hy:) i Sf'IlS0I'S 111()\'pd <lccol'dillg to IlIilling :tc

tivity. The II10uitol'iug �ystelll <'IlIol\"t'd I'ecol'diug of plllsf' fn'qltf'lIc.l· ;'1I1d t'l'alllat i011 
of theil' t'nel'gy. Thl'ougholll tll(' elJl i 1'(' Illilliug pel'iCHI HG()()O seislllo ; .)colIsI ic PltlSPS 
\Vel"e I'ecorded. Frolll I I tf' loc<'Ilioll poilll of l'ipl\" Ille pltlSf'S Il"el'e dil'ided illto pltlses 
ol'igini\tillg <tt co<tlf<tce <tild pllls(>;; ol'igill<'lt illg ill OI'pl'hlml('IJ. I'lIls(' fl'Pqllf'1 I CI' ill 
t illle w<ts 1I0t hOlllogeneous , \V!tile <'III ilHTe<tsecl lllllllhel' l\';lS I'el<ttt'd ofl PII to hl;]st illg 
tedlllology alld to iudllcpd seislllic PH'utS. Tlle,w aftf'l'slJOck Sf'qllf"IICf"S ill P;HI iCltlrU 
Iwlped to <'Idjust t.lw vel't iC<'l1 COllIPOII('Il( of seislllic ('VPllt fonls 11101'f" pl'eáwl.I·. Piť',.4 
sholVs typical coufigllr<tt iou of SPIlSOI'S <'ll illdil·idll;.)1 sl <tgt's 111<'Il'kpd witl! a hl<1llk tl'i
<tllgle, st'lIsor ill overburdell \Vitlt il full tl'iilugle. Fig.:) illllsll'al('s t illll:' ClII'I'C'''; of 
seislllic !'lIel'gy distl'ihlltioll drlily 1'<'1I11t's (F'ig. G;t) 1IIIIIIhf'l' of spisllli(';]lly n'conlf"d 
eVPllts (F'ig. Gh), SA pulsp 1I1111dlPI' ill t.llt' ("(Jal sP;llll (Fig. �IC) alld Illllldll'l' nI' SA 

pIIlsps t I'iggel'ed iu OVPl'hlll'c1ell (Pig. Sdl. Vel'l ical diiSIIl'd lillf"S 111;ll'k I I'igg(' I '  i lig of 
[) sll'ollg seisluic pveuts ill t illle. FI'OIII tlIe CIII'I'(' of SA jlltlsP frc'qllPllCy ill t lIP ('oal 
se<tlll <tucl <tlso in ovel'bul'dPII it is Ohl·iollS I hat t liP iIICl'Pi1,;e ol' plllsps OCCllITPd (JIIly 
ill c<tsp of t,hpfil'sl (20,10.1 995) alld sPcolld (lL.12.ID9G) I'ocklllll'st. ('ollcel'llillg tlIp 
I'Plllililliug tlVO stl'Ollg PI 'PIJls Il<'illl<'l' tlll:' pl'PClll'SOI' plpllwli1,; ill tlll' plll,;p frc'qll('IIC,I ' 
lillP, 1101' tll(' 1I11111hpI' ol' seislllic;dly I'pcol'dpd ('1'PIIIs call 1)(' detpct t'd. Tllis ľacl is 
obl'iollsly rel<tted to t IH' biggPI' dist aucf" of tll(> ľOCllS frolll IllillC' workillg (1Iiglwl'
o\'t'l'hllrclell). TlIe hypolllPsis cort'pspolHls witll I lil' fact t Ilat ill t liP Ci'\SP of tll!-' 
fo II 1'1 h alldfift.h PVPllts IlO drllllagc's IV('I'P Iloticpd. This also ;Ign'ps lVit II t III:' lo(';1l iOIl 
of these pvellt,s. FI'PqllPllCy 1llllldlPI' allcl SA puc'l'gy pltlse,; SNI'pd i'\S all illpllt for 
1llltlticli<\Ill1el st<tl isticill Illel·,hods. 

c) TN'h II % q  i ('(I! J) ro ('( rl 1/,., 

II is kllOWll tlIat illdllced spislllic pvents are Irigg('r('d h, l' 1IIIIIIIIg act il'it,\' ;II\(I 
IIrlllll'al Crlllse,;. Minillg art il 'il. v Ilot ollly dist mhs rock Illass cOIlI illllity (Iargc' OjlPl1 
spaces are crerl(c'd), it c11iluges tll!' disl rihllt iem ol' t lIP illit ial sl rl',;s c(lIIdil i011 ;tlld 
a! !lie S<tlIW tilllt' producps IllilSS dyllalllic loadillg dllrill).'; bli'\sl,illg. For t Ilis rC';I,;OIl 
Illillillg adv<tllce and rlIIIOUIl( ol' hl,lstillg ,tgelll I\'as IIIOllitol'C'd. 

The exc<tvat i011 cOllc(,l'Iwd cOi1lľi1c(' Illilliug I\'it li ;111 ;IPIJI'OX. 2:.!() III I(Jllg I\'orkillg 
facp ;11HI tlle t,ot.al lellg!li of cOillfac(' Illilled IV;IS rOllglllylG() III. Tot al t iIicl�II(>ss 
1Ilill

'
ed ol' se<tlll No. :17 rll'enlg('d ilppl'OX. G.G -7.G III: t Ili('kllPss of t 11(' 1IjIIWI:-'IlC'IICli 

Iltil1pd \\las 2,5-:Ul III. iVlillillg of coalfac(' No. 1'li:Hi st,Ht('d iUl.]()DG ;tlld I\'as 
cOlllplelecl Oll :l1.7,19D7. C'Ollsc'qIIC>lIt ly t lIP co,df'IC(· \\'m; ;tct il'c' ,1(j·1 \\'orkil1g c1a}'s 
iilld :l2440LI 10lls of ('(Jill ill lol 'II \\'as IllillC'd Ollt. whicll is allllosI iOO t jda,I ·. '1'lli,; 
cOlllplexity of 1I1iJling il was ill t IIe Illillillg solll( iOIl for kpppill!!, t liP \\'orkillg ľace 
<tnd the overp<tss drift o, H705jl. Illillet! Ollt altllosl pari'\llc>1 to t Iw wOl'killť', f;ICt' 
lurllillg, FrOll1 t.hC' IIlillil1g poillt of viclV Ihis area is cllal'ac1(,l'islic for t.llP Clllllldatioll 
diffel'elll adverse illlparts fl'Olll IJI'C'violls IIlillillg acl il'it,\' lik(' COI'IIC'1' s('diolls of 1101 
)'('covered ol'el'burdell sealllS . IIOt l'C'covt'red noss Clil safel,l' pillal's . OCCllI'l'ell(,(, of 
old sli<tft.s, rlbrlnclollecl lllille workillgs ortlle lIeigld)(lllrillg spalll llo.J.17:W (,tc. III Ihe 
ovel'bmdell (bet.w!'ell ceJrllfrlc('s) I IIPI'P arp t.llick salldst.ollf' st,ral a IVit II tot <tl t llickllpss 
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of Up t.o :200 lil. Because of t, he expect.ed ovprhllrdpll strélta fřtillll'e řtlld possihility 

of strong overburden seislllic activit.y
. 

eéllllollflpt hlast,illJ!; ill t,IJe m'prlayillg slri'lli'l 

(BOS) wit.h an illlpřtct, efff'ct of:lO III (vprtic;ll) al t, he origillal hl'f>élkthrollgll allcl the 

coalface foregrouncl were illlplelLlented ill éldvřtllce. T!Jp BOS dirlgrrllll is SIIOIVIl in 

Fig. 6a), w!Jere t.he amount. of blrlstillg řtgPlIt IIsed per drly is sho"'lL. The averrlp;e 

daily cořtlface řtdVřtllCe is SIIOWII ill Fig. Gel, IVIJerp il Cřtll IlP lIot,icpd tllal dllriug Ille 

first t.wo stages the řtdvance was O':i-:] III. la(('r il IVrlS lilllited to :2111, alid PVPII thnt 

SOlllehlllPS WrlS Ilo t rpřtdlPd. 

NfETHODOLOGY OF ROC](BURST OCCURRENCE STATISTICrlL PHOCESSINC; 
TllP IIlain object.ive of t.his work Wi'lS t.o asspss IlIlllt ichrlllllel strlt.istical Ilwtllods 

for forecast.ing of iuduced seislllic evellts. For tllis pllrpost' tllp 11 1 t'lllOd ol' lJellral lJf-'t

works l)a,Sed Oll Cllrrellt. processillg of lwt.progellpolIs tillle spqlleliC('S Wi\S applipd illlcl 

Oll t,he brlsis of det.erllliIlřttioll of tlolllillerlr relal iOllS hel \vpptl illdividllal seqlwllCPS 

il is possible to prm'ide dat.a, pxtrapolatioll of tllt' IIIOllit , or pd sprics illto t.llt' flltltrp. 

Tbis ex(.rapolřtl,io!l \VrlS solvecl hy řt IIl1iľorJll IIPI,lVork wil II all rdgoril hlll ddPrJllillillg 

(learning) backpropagřttioll wi t,11 IIIOlllelll,11111. TIIP IIletllod is břtst'c1 Oll Ille pri IIci

pie (,ha.t iu (',!Je first. pllase thl' IIplwork is .. I railled" Oll a Ip'lrlliug sel - il rpadH's 

i\1I optillli\1 weight. set.tillg řtC('ordilJg t, o tbe 1·t'I'tl iou (BIIIIIt'lIlall pl. al.,19H(i: ('í�. 

Rudajev, 1996: R. lldrtjev, C'íŽ. 19(8): 

6.W)Jt) = _ll.)iJE (I�(t)) + (l6.(I'�JI-l). 
( /IIi.i 

'JE 
where 6.w�t) are weight rhangt';; ill it('rrlt.ivp slpp /, -

.
(-- ({�(I)) dl'lIolps gradil'1I1 of J rJ /I! i j 

PlJergdjr flluctioll. 11 is lea. l'lling p:1I'allwt.er aud (j dellol,('s 1I10111pllIlllll. 111 t.llt' Ilpxl 

pha.se řtťt.er weigltt, aclapt,n,tiou uew pat,t,pI'IIS a.re st'rvpd 10 I lit' illp lll ,llId Olllpllt is 

tlle reqllest.ed přtnllllet. er vřtlut' iu fil 1',11 rl'. 

For iupul, series, series or ilJduct'd seislllic pVpllt.S Illpir plIprgy. SA t'IJlissiOIl :tild 
it.s energy, Illining procedure řtncl I',lle i\IIIOIIUt. ol' blast.illg agellt \Vprp IISt'<I. III l lle 

rirst. st,řtge i\ll řtl1řt lyses i\c.c.orclillg 1.0 autocolTelat,iou flllld,ioll rlud 1)()\\'I'r spec I 1'11111 
(RIHJ aj ev , C'íž, J 998) WrlS IIl<1dp. Frolll t.11t' allt. ocorrelat,iou flluctioll ill Fig.7 il call 

!Je uoticecl t.lJřtt, ill series oť lIulIlber of SA eveul',s ill coal alld ill sprips of uIIIIJl)('r of 

SL evpnts i\ 7 da.y ppriodicity was provell. Tltis IlPrioclicil,y is 1I0t 1I0tirpi1hle for SA 
pulses recorded frolll overhurdt'11 which proves that, OVel'hllrdel1 c10es 1101 rl'spolld 

t.o weekly working cycl<>. The Srlllle resulls werp prO\iPII ,!Iso ill power SllPctrllllls. 

Duriug t,ltp rlualyses of SA aud SL pup!'gy series (Fig.8 ) il lVas rOI I IHI, Illrll 

7 c1ay periodicit.y was displaYt'd ouly by t,llt' sPl'ie" or SA Pllt'rgy rell'i\spd ft'OIII ('oal 

(Fig.9). llldepeucleuce of tllP ellPrgy a11101111l rplpased 1'1'0111 COi!l i\lId oVf'l'hllrdpu 

IllřtSS coufil'lllS t.be Itypol,heses rpgardiug illl,t'ra.ctioll ol' prilllary strpss held ol' rock 

111i\Ssif alld it.s t.ecl, ouie fai l l l re. Tbis COllfinllS 1.llrll t.11P Ill(>rlSllrt'IIIPIII. I iJkPl1 ill tlw 

viciuit.y of lludergrouud workillgs cloes uot dl'snillt' plj(-' rgetic chauges iu rock Illassif 

řtnd t,herefore t,hpir cOlltribut.iolJ t,o I Ilc st.rollg puprget.ic eVPllts wOllid hl" ver.v slllall. 

Bp011ISp ol' t.bp I I l1rert,aillty ol' illpllt spt dabl t lit' prpdicI i011 offlltllre Pvpllls dOI's 1I0t. 
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e l l ť'rgy p e r  drlY. 

I l l p u t  seri es were spl i t  iuto t lVO prl rl.s - l ea m i l l )!,  seri f's i l l c l l l ded (;00 s l l ccess i O I l  
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of I neClsured dat Cl Cln d N is uLl l lllwr of el e l l l e ll ts  of hot il set.s a u d  O l l  tllP hases 
of cOlllparison of predict iol1 wit. 1 1  1I10nitored til l lE' series f i l l<ll v<lll le predic tio l l  ( i . e .  
Il \ l lllber of e vellt s o r  t. he releClsed e l lergy will lw t l l t' sa l llP t .lle pre y i o l l s  d<l.," a s  i u  I II<' 

lIext ) : 

IV 

L (Yi - .r, ) " 

L M  S E = 
--'...i =c...:I'-----___ _ 

N 
L ( ·"i - ." i - I )

:! 

; = 1  

Fig . 1 0Cl) gr <lplJic Cllly illust.ra l es predict.ioll resl l l l s o f  seisl llic P I·e lll 1 1 1 1 1 1"wr per 

clay Clnd F'ig. lOb) res u l ts of SA eve n t  predic l iou recorded ;) 1 c O <l l fa c e .  PrO l i l  I lle 
size of RNISE allCl L M S E  p redict.iou E'ITor it. is obviollS t llal  1.11<' p re dicl ed nl i l l (' 
of seislIlic a l l d  seisl l lo-acc l l l st ic e l"f-' l l t s  i s  Iwt ter  1 .lla u t l l(' 1I1(' a l l  h�· aho l l l 7 r) fl< ;) l I d  
b et.ter I hClIl last vall le  b y  a b o l l t  LI O % .  Po r predict iclI I  or  e l le rgy s q l l arp  \"001  SllI l l S  
per c1cly ( Pig. 1 0c )  t he pre dict.iol l  is Clb o ul :) () % I)pI (.er 1 11 <1 1 1  t. l JE' IllPéllJ au d i-l I HJ l l t  
40 % bett.er  (.!J rll] t he I <ls[, value. B u t  prec l ictio l l  o f  st rollg en'll t s  i l l  pre d icl e r l  ! l M I  
of sel o f  SLl l I l S  of el1ergy squClre root.s IVa s  uol  s l Iccessfl l l .  

A n alyses of several selected sl rClIlger e l·ellt·s a l ld I . i l e i r  reli1 1 iou 1 0  b l člsl illg - l il l le 
difference betweell b l astillg Cllld del·el op l l lP u t  of i\ sl \"(mger e V f-' 1I1 č l l ld foc lls  d isl i-lIlC(' 
frolL l 1.1JE' c o a l fa c e  - reveals t. b a t  e l·ellts IVitll fo cl ls  i l l  cO<l l face viciuil y of <l p p rox . 
:20 - :\0 1 1 I  a.bove tlw ("oCli SE'rl\ll ( sE'e Ta blE' 1 )  a re i l l rJ l l ellced hy hli-lsl i l lg tl l < '  1 1 1 0,.;1 . 
T bis b lastillg dist.a ucE' is 1I0t. suf-ficient. t.o elillúml l e  st.rollg e l e l ll s de l·f, l o pf'd I I I  I llore 
clisti1llt overburdell st. rat a .  

TA H L E  1 .  Depellden cies Iwt.IVeell  se l e c l  e d  sl rOll).', illdllc e d  sp is l l lic 
even l.s Cll ld  h l <ls t  ill g .  

Blastillg S t ro u ),!;  t rell lor T i l l le difrerel lce A I t i t u de 
[d<ly] [III] 

1 7. 1 0 . 95 :20 . ] 0 .95 1 :{ 40 

:2 :\ . 1 2 . 95 1 :2 . 1 :2 .95 Ll (jO 
3 1 7 . 3 . 9 6  2 1 . 3 . 9 6  4 1 2  

2 1 . 3 . 9 6  O 
4 6 . l 0 . 9(j 1 :2 . 1 0 .D6 C i  60 

5 2 8 . 1 0 .96 :)() . 1 0 . Ll6 :2 580 

C i  1 0 . 1 1 . 96 1 6 . 1  U)(j (i :24 

1 7 . 1 l . 96 17. 1 1 .96 () (jO 

7 25 . 5 .97 4 .6 .97  1 0  40  

8 4 . 5 . 9 7  4 . 5 . 9 7  O 20 
9 9 . 6 . 9 7  9 . 6 . 9 7  O 1 0  

1 0  1 9 . 7 . 97 I l KD7 :2:{ :280 
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Number of seismic events, RMSE=O.25, LMSE=O.60 

predicled 

601 629 657 685 7 1 3  741 

day [1 .9.95 - 30.9.97) 

Num ber of seismoacoustic events in coal, RMS E=O.26, LMSE=O.63 

601 629 657 685 

day [1 .9.95 - 30.9.97) 

71 3 

predicted 

measured 

741 

Cumulative square root of seismic energy, RMSE=O.68, LMSE=O.54 

601 629 657 685 7 1 3  

day [1 .9.95 - 30.9.97) 

Fl u .  10. P n'd i ct pd <t il d 1 I IP<ts l l J"pd t i l l lP snips .  
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Co CL lJS[ON 
Whpu I l l il l l ng coalface N o .  1 47:W , 44 e l l Prg,'t i c ;1 1 I y  s i g l l i f i nl l l l  s t ro l l g  I'VI ' I I I ;; i l l  

t.ot.aJ . t.wo ( 2 )  \V i t-h e lJPrgy biggpr I l ! ;; 1 l  1 01i .1 . t h rep ( :l )  l\" i t. 1 r  e l l erg�· h igger 1 1 1 ;; 1 1  I ( J ' .1 
ilnd t. I J i r ty n i ue ( :l 9 )  w i t l l  euprgy b i ggl'r I h ; 1 1 1  1 0 .1 .1 , In'rp rt'co rded . Ex c l l l d i l l g  I I r l'se 

eveut.s 2 8 1  eve uts w i l h e l l P rgy i u  orcler  o l" ]o:! .1 II"<"IS rpco rd(,d . D l l r i l lg t l j ( -'  P U l  i re 
l I l iu iug  per iod a.ct. i v e  rUl t !  pRssivp PIP l l l Pll I.;; ol" a l l t. i-l.rP l l l or p rpvput iou  wI'r" r1 p p l i pd . 

Art. i vp I l leilsures affpct.ec l  rock I I I RSS p ro p e r l  i ps R l l d  c l l R l Igt'd i t .s SIH'SS cou d i l io l l S .  

Tlj(-'y i l l cl l l L le we(. I . i l lg  of cOill p i l l R rs ,  t! is( ress h l as l  i ll g  i l l  corl l R.u d I l O  I l rp;; k h l ; l s I  i ug  

i u  overburclen  of t. h e  coalfrtcp .  A I I  t l lpsp I l lPaSl I I"eS res l d t pd i l l  C ( ) j l l  i l l l l O l lS c l l a l l gp;; 

of t l l P  rock I l l ass st.rpss ("ou d i t. i o l l  ill l d  cou I.r i h l l l "d 1 0  I I l e  s l l c cpss l"l d j Hel·P l t I· i o l l .  , \ 1 -
t. l JO ug l l  t. 1j('Y cl i d  l I ol .  st.op r l l in i u g  I rPl J lO rs t. l l P}' c out.r i b l l l·pc l 1 0  i l O  prol l l e l l l  c md l"a c(' 

I I I ll11lJg .  O n  t. I JP  basis o f  loral  p rognosis I I IPt . IJO d i l l  par l. i c l d a r  spi s l l l O  -a cOI l s l i c a l l d  

seis l l lologi ca l I ll ou i t.or i lJg , iu t-ro d l l c l  i o u  of I h esp 1 1 1P;;S l l lTS d l l l" i l l p, I l i t' I l l i u i ug p ro

cess was cOll st. a ll t.ly ad.i ust.ed accor c l iug 1 .0 1. 1j(-' I l wl l t o t ! u l og i c R 1  ! HO I" l' d l l l"l' I I Sl 'd i l l  

Ost.rava - 1\rtrvi n řÍ. Dist. r i c t. .  HOI·vPvI'r ,  t.lwse i l l t.ervput. i o I I S  s i g l l i fi c ;; 1 I1 ly i l l f l l lP l l C I '  i u

p i l l  d a t.a of uel l ra l  u t'l .works a.l l t !  cOl lseq lwl l l l y i n p l l l  ser i cs .  i l l c l l l d f> d a .t. a regrnd i l lg 

t. I JP w c k  I I lass rpacl. i o l J  i l l  re l a l . i vp l y I l u i fo l" l l l  I l l i l l i l l g  rll l d  rHP i l l fi l l P l l cpd h.i"" o l l l s i d l' 

i u t.er ve I l L i oll s .  Tl l i s  is t.l 1 1' reaSO l 1  \V i r y  I wl"orr' deve lo p l l lPU l  of st.l"l l l lg  i l l d l l ced s,-' is

I l l i c  event.s ou l y  s ign i fi cant. rharac l p r is (. i c  r!l a ug('s i l l  rock I l l ass C C l l l l l oI I J e  dp l-<'c I ('d .  

D m i l l g  t. h p  I l l i u i u g  rlPr i od al l fivp ( G )  sig n i f i c a l t l  pVI ' l l l s  \\"I'\"(> l o c;d i zed rp l " I i v l ' l .\· fa r 

hOl i l  t.lw coa l  sea.1 1 1  h l l l .  reco r d i l lg  o l" SA P l l l iss i o l l  d at. rl IVas d O l w  o l l l y  i l l cocl l Sl'a l l l  or 

i ls nparps l ovprb l l rd el l .  ror t .l lPS(' rpasous d (>vplo p I I I P I I I. or t. l tesr' s l  1"( 1 I J g  evputs cO l l l c l  

I lot. I Je  est. i l l l at.ed s U l"l"essfll l l y  a l l d  a.p p l i crll . io l l  o f  I l P I IPt! 1 1 ( ' I \\'o r ks 1 0  de l .P l" l l l i lW l l te  

st rollg t· re l l lo rs cleve l op l I l eut. t. i l l j(' wa.s l Iot. vpry Sl l c cpsSft t l  pi l  l ter .  To ga i ll d rl l ;1 [·re J l I I  

v i r iu i t.y of c1eveloplllt'l l l. of sl. r o l l g  eveut foc l Is\-'s i l  wou l d  1)(-' U ('c , 'ssary 1 0  pos i l  i 0 1 1  

SA se uso rs i l l h i g llf' r Ipvels  ol" ovpr h ll r d pl l .  

Ackllowledgelllellt : T i J i s  s t. l l d y  WrlS p\-'rrol" l l IP d  1 1 1 1 <1pr  C : rCl l l t  N o . ·  l 05 / %/ 1 ( ) (j�í , 

of t h e  C r ant Agel lcy of t- l l e  Czecl l  Kep l l h l i c .  

H o l " o  h: . :  l B9,5 ,  PrdúlI.il lary R eSlll t,  o f  /)-\·"lt u' ;"Ié,I.\·,i ., for i'v1iniI l f', - I. l ld l l "'·" S, · i,Uli , ·  ,�vP , , 1  , . .  1 (" / 11 
M o n t a na AG ( �l S ) .  27-3 1 . 

1-1,, 1 1 \0  [� . Ves"!.,, \f . :  [ 995 .  S e i sn u ,· M " n i torilJb of I I i < "  LOII;;w"U F" . . . · N o .  I :,t-\ 7U4 ;· 1 1  I ( i < "  I ,,,z.l' 

M inp., A clil. M o n tn.1,n AG ( !· I .S ) .  4;)-., I .  
K"lellda P . :  1 99 6 .  A COllt ri b " t inn t o  Di"·, ,,siol l  Oll LO\\I"\" L i IUi l ill i " "  o f  EI IPrK\·- I�rp' l " ' · I " '.v I ) i,

t rib"ti"n.  A e l a  Mont ll n o  A D ( I OU) . 1 :J1 -·I J8. 
R n clajev V . .  Lokaj í,'ek T . . (;íž R . ·  I H� \ ( ; .  Str"dHn· Elp I l IP"t,  o f  R ' H"b ""d E l w rf',y-Fn ·' 1' ' ' · ' ' < ' .v 

D isl r i b l l t ioI! "f Spisnl. i "  P 1WUO!tWllil. A rt ll M O ll t ll n ll AD ( l l 1LJ ) .  ·I "2 1 - I :S I ) .  
Cíž R .  H urlnjev V . :  HJ<Jfj. P .... ,d i d i n " i\ [ ,� I I JO rI ,  H""t·d O" i\ I , d l idl;uJ lwl  S t al i" l i . .,d e" t r"p""' l i"" 

"lid t l l " i r  A pp l i " ilt joll  Oll [ud"c"" S,� i 'IJl ic E \·,�" I "  . . I r/II ,\ J " " I II/U' A10 ( 1 1 1 2 ) .  I :n 1 - 1-1 . 
R udajev V . . ('íž H . :  1 8�)8. Est i luat i o l l  of rVl i l l i u t) Tn' l l l o l '  O ( T I I -' T( ' l I f T  l l.\' t J � i l l ;";  i\ t ' I I l';d \i f ' t \\" ) l 'k� ,  

P U J"(  " p p /. g l o 1J h. y , .  154 . .')7-72.  
l\tl rt.� t t'r� T . :  1 � )q3. P'/'fl(: f ic n l lVc l/ !'(! 1 jVr l 'f 'o rÁ" ,'j R ( (' ;lJ f S ;1I ( ' + + .  J\(�,1t I ( ' l l I i , �  I I J 'f'�� . �i 1 1 1  I ) if�;:';' ) ( ' ;\ . 
R t trllel halt  D . E  . . H i [ t ol l  G . E  . .  "V i [ í n l l "  R .  I . ·  1 Ht-\Ii. L'·ar l l i l l ;; " ' > p r'·" · l I t ; t l io l l '  I ,y H"d,-r)r"pa.c;;o I i l J g  

Errn r,.  N "  I u ("f. 3 2 3 .  S ;;:j-S:}(i. 



S I ;,.\·ík J . . 1\111<""<1,, P . . H o l " b  1\ . . S g l l l l l d a  Fl . :  1 '11''1 . .l\ l I l oILl" t i z:t<· ... \',V i lO( U I f H" I IVill "ídl 1""1 1 1 1 " 1  při  

v,V�etřová.ní seism ick": "k t i vi t.v v O I' R .  Acta tvl o nl ,, ,, ,, 8 1 .  1 1 S- 1 2 Ii .  

A N A LÝ Z A  c";A SOVÝCH Ř A D  A I\ lJSTI C I\ É  E� I J SE ,-'I D l' L N ÍC H  OTř{ESlJ 

Z O B L A STI  OSTRAVS I\O-I\ r\ H V íNS K Ý ( ' I-1 OTŘESOVÝCH  D O L iJ 

R.(;íZ . . I . H OLEČ;I\O " V . H I I DA. lEV 
V o h d o b í  o d  8 . 9 . 1 9 95 d o  :n , 7 . H) 9 7  p ro h í l J it l a  u a  Dolp  C'eskosl o\'Pl J s k;1 ;'U l l l ;í d a  

t.ěžba v por u b u  1 4 7:l G ,  k t.erý by l z rtřrtzeu d o  :.\ . st . l l p l l P  ( l I ej vy;:;; í l l o )  I lP h ez pei" í  v z u i k l l  
d {t l n íc h  o t.řesů . N a  základě t.ollO t .O  Z rtřél Z p l l í  1 ) ( ) J' l l h l l h v l a  p rov;í d (' l l a  syst el l l ;' 1 1 i c k á  
seisHloak l lst. i c k á  I I I PI'pn í v l o ka l i t,p p 0 J' 1 J i) 1 1  a z Aro\;PI I  p l'O h í l l il l  uepÍ'ť' I . r z i t�· spis l l l i ck ý  

I I l o n i t.or i  ng d a l l é  ohlast, i .  
Sei s l l l o a k ust. i c k A  I J lěř i c í  s í t: hy l a  SeS UlWl J il z 'i - 7  s l J í l l l a č l I . j ('j i c l l ž  l I J  I I íst,P I I  í SI" 

měn i l o  v z áv i s lost i  I I i'\.  p ost l l p l l  p o rl l b l l .  .l e d e l l  z " k l ls t  i ck ý c h  S l I íl l l 'l Č li byl  v ž d y  
U J l I Ístěu d o  ni'\.d l o ž í  v e  v r t. u  c c a !) I I I  d l ( J l l l J (� I J I .  osLJ 1 l 1 í  s l I í l l l a i"e h.y l y  I I I I J ís t (' I I .\· v 
I I  b e l lJé sloj i ( zp rr t v i d  l a  v ž d y  d va u a  k a ž d é  P 0J' l d l l l  í c l l o d  I ) (� ) .  híS l l l rl I HO l l l l s t  l I ost. i 

SA S l l  í l l l rlři'1 hy ly v roz l l JezÍ  70 I I  z až 2 k H z .  

Seis l l l i ck ft  I I Iěř'P I J í p rob í l J a l a  VP ťJ'ek V P I I (' I I Í I I I  p>IS l I I I I  I 'i O H z .  I l t l e r ! > re t . i] .ce z í�.;J,a
l I ý c h  d a t  ::>e s k l á d él l rt p řpdevš í l J I  ze s l edov;i l l í  Z l  1 1 (; 1 1  i"e t l l ost i ;I k l l s t , i ( ' ky reg i s t  ro\·a l l .ú·h 
s i guá l {1 i sei::> l l J i ckých c ! i'j ll ,  z ;í.rovei'J I)y l a  Vy I I O d l l OCOV� l I il e lwrgi ( ,  sei s l I l i c k ý cl l d pj í l  
i p rostorová l l l i grél ce o h uisek . r ' o l l ž i l.(� sÍt.ě ( S l il.dli a ko l . .  1 D H D )  I I l 1 1 0Z i'Jovrtly l o k a c i  
o h u i sek s dost.i d o brou p ř('SIJO�t. í  v l JO r i z ( ) J j t, ;í l l J í  rov i u é .  ř;í.dovp dť's í t . k y  I I lPt. J' l I .  V(�r
t i k � llJ í s l o l k a  p o l o l Jy o h u iska jp z a t. ížPl l a. vpt .Š í  ( ' I l y h ol l .  a \'šak 1 I 1 1 10úl l lj e  r(-' I > l t  i \' I l i'  
ocen i t  rozd í l no u  v ý š k l l  regist.rOVi1. l l .ý· ('lJ S('i S l l J i c k ,)' c l l  j ev I l . 

Tak t.o z íska.ué ú d él.je v y t.vft.ře ly d a t.a,b�. z i  v l rod uou p ro použ i t í  p rol. i ot. řesO\ ,)· c 1 J  
o p a t.řenÍ  ( zej l l léu a. a.p l i ka.c i  t. r h a c íc l l  prací . k OI J lť:' í\ P l l í  ry d t ! os 1 . i  do hý-v ;i l J í .  res p .  i k z a 

stél vp n í  prft.ce n a  por l lbu ) .  CÍl e l l l  t O l l Ot.O p ř' íspěv k u  j e  z p nl covC1 t  z a rpgist rovél l l ;.Í d a t él 
P O l I I Ocí  v ícekrt lU1 1 0vÝ' c l J  s t. a. t. i s t i c k.ý· ( ' l J  px t. ra p o l il (· l I íc I J  I I I P t o d  rl z d o ko l l a, l i t. p ro g l l () Z I l  
v z u i k u  h u d o l l cí ho ";PiS l I l i ckél lo  d ('j P .  

Za cel (� ob d o b í  by l o  SPiSl I l i c k o l l  s í t . i  z ;'l. reg i s t ro d l l o DLHO déj il .  I:ly l o  prok;i z :I lJ O . ŽP 
c1i'j e  se llevyskytuj í rOV I l O l l lěrué \' télsP, což hy 1 0  I HO ldlí\ ;i i l O  I I  vo l Íl ov;i I I  í I I I  ( ,1 I " I'i� i p  \. 
čase ( o b r .  1 ) .  N a  z � k l a d p  p rfi b(' 1l 1 I  I I vo l řlOV;í l l í  l ' l lP r g i e  I z( '  celé o h d o h í  roz d p l i t  c l o !') 
eta p .  Doba (, rv ;i l l í  tpcl l t.o et. a p  j e  O l l wZ(' I J ;í vždy v.ý�k y ! ( ' I I I  s i l né l lO se is l l l i rké l j ( )  d ("j P . 

Pro všechny el,a.py h y l y  I I r(-(' I IY e l lP rget. i cko č,'t . I J ( lS [. l l í  d i s t r i b uce ( EC O ) .  p l' i te l l l ž  
p ro I V .  eta.]l l l . VP k t.(>ré l lehylo zj i; d.(� l I o  ]'ov l l o l l IPrné I I VO l llOV;1 I 1 í  sf- ' i s l l l i c k é  el lprgi (> ,  
by l a. t al o  d i st r i b l l c P  I H(-(' lJ a  p r o  :1 d í k í  i l l t.pr v; lIy.  k t .eré j s o l l  c I J rtrrl k t . ( ' r i zov;1 n .\ j i uo l I  
S l l lPrJ J i c í  c 1 E/ d t  a . . i i l lÝ l l l  I I I I Jožst ví l l l  cel kové 1 1 V( ) I I I (' I I '� sei"" l i cké  " Iwrgi  .. . Výs l ed ky 
t-ědl t .o rtlJ a l ý z  j sou u a  o h l' .  :2 a :1 . VšeclJ l ly z ís k a u é  ECD l l l >lj í I Hi \ k t i rky s t e i u,)' 

t. v a r ,  tj . v ob lasl·.edl u ižšíc l l  (� Il ť'rg i í je p od s t.a t. I I (', I I wuší  počet d pj l l .  l I ei hy o d p o \' Í
d a l o  n eg at i v ně-ex p oue l l c i � l l l í  d i s t r i h ll C i  a od j i s t é PIl<'rg i e  ( 40 .1 ) . t 7, \· . c !Pl r" k t ( ' r i 
st. i cké I to c luoty ( H o l l l b .  1 99 5 ;  l I o l l l h  il  Vpsel ;í ,  I � JD 'i :  lúl l ( ' l I d " .  H) ! J ( j :  1 � l l d a i e \  rl kol . .  
1 9 D6 ) ,  S I I IĚ're l l l  k vyšš í l J l  e l l P rgi í l l 1  l ze d i s t ri h l l c i  p o psat  l ogMi t l l l i ( ' k ,)' 1 I 1  l wg a t  i \' I I {'
exp()ueI J c i � I JJ íl l l  \ ·Zt .a lte l l l  

10;:o;( N )  = Cl - tJ · l og( E ) , 



R . ('íŽ . . 1 . l l o L EČ"I<O aJld \' . H IIDAIE\· 

\')'s l f' d ky l okací o b u isf'k JSO l 1  Z l I ;1zorui'lIY I l a  o h l' . 4 .  kdl' opi't ce l ;1 d o h a  d oh)' \' ;1 U í  
poru b l l  j e  rozdi'leua d o  vý?;e df'ri l l ovč1.I1)·c 1 1 et a p .  Z a  ct, l l; o h c l o h í  h y l o  pOZO rO\';1 1 1 0  
cel kel l l  5 děj u ,  j ej i chž energie přps;i h la 1 05 J .  Tř i z I i'c h l o  c 1 1:;j l l  Iz !' k l čls ifi ko\'al  . i il ko 
d ů l n í  ot.řesy, neboť I I IPly 1 1 I akrospis l l l i cké Íi č i n ky I' d l i l l l í l l l  d í l e .  S i  I I I ." seisl l l i c k .\- .Jev 
z 4 .6 . 1 997 byl  bez proj ev i l  I' d l t l l l í l l l  d í le ,  lze I I S l l zovat . Žl' poc l l č1z í  z I'yšš í l l o  l I a d l o ž í .  

Seis l l l o a k ust i c k ý  I I l ě ř i rí sysl é l l l  1 1 1 1 10žúO\' a l  rC'gisl  rac i ('p I  l I os1 i i l l l j l 1 t 1S I I  i l  OCl' I I<:; l I í  
j ej i cl l  energi e .  Z a  celé o b d o b í  ražh.l· hy l o  c e l ke l l l  zčHpgisl  rOI';1 1 1 0  dcp IWŽ K.j ( ) O O  
seisl l lO a k ust. i c kých i l l l p l l lsu . Z h led iska l okace by l y  i l l l p l i ls.l· roz c l ("' I C' I I \' l I a  i l l l j l 1 t 1SY 
\'Zn i k l é  ve s l oj i  a i l l 1 p u lsy v z u i k lp v l I ad l ož í .  

Z a  ( 1i'f'lel l l  pn' d ik ce sf'is l l l i ck)'cb  d i 'j l l  hy l a  I'y l l ž i l  a 1 1 1 (' l o d a  I I P l l ro l l ol')' r1 l s í l  í .  Z<I
ložeu;i l I a  naleze l l í  I1 p l i l le ;i. r l l í c l l  I 'azeh I / Iez i  j Pd l l o l  l i l' ý / l l i  pos lO l q l l l osl l l 1 i  I I IPj·(, I I .\· ch  
vpl i i· i l l .  Ext r a p o l ace spisl l l i c kp il k t i l' i t y  h y l <l !'pšel l a  p O I I lO ! " Í  rov I I O I I IP I" I I (�  s í l p  s il l
gor i l l l lpI l 1  I l řel l í  backpropagal i o l l  s 1 1 I 0 1 1 I (' l t l e l l l .  P r i l l c i p  SPO(� íV č1 I '  1 0 1 1 1 . že s í t' . I e  v 
p r v n í  Uz i ,

. 
u čena" ua u č í cí I I l I l o ž i  1 1 (:;  c 1 o c h ;i z í  k opl i l l l ;1 h l í l l l l l  I l ,lst avení  v a h  p o d l e  

vZ[. <l h u  ( Rulf le lbal t ,  1 98 6 ;  (' íŽ . H u d aj e v ,  Hl9G ;  Ii l l c l aj e v .  Cíz . ! 9 ! 18 ) :  

6 /1 '�l )  = _ 1/ . d E  ( 1t:1 t 1) + f l 6 1/ ·:
.
;- I I . J (J ( f ' ;  j 

kde 6 11 '�Jt ) označ l lj e  Z I l IP I lY  v <l h  po i l era č l l í l l l  k ro k l l  I . . 
iJ E ( 1t:1 t 1 )  oZ l I a č l lj e  g r a d i e l l t  ( )  11 ' 1  j 

eu erget i c ké fu nkce . 1] j e  p a l' ř l l l wl I' I I Č P l l í  a fl oZ l l a i' l I j e  1 I 10 1 l w nl . 1 '0 a d a p l  a c i  I 'ah 
sí l ě v u a lší fAz i JSOl 1 1 1 <1  vsl l l p  p řpd k l čl c l A- l I .v lJ ov6 vzory a 1'�·S l l q l(' l l I . ip požadOl ' ; l I l č1 
I l o d l l o t a  p a ra l l let. r l l  v b u c l o l l cí l l l  I' ase . 

Vs(. u p l l í  řady by l y  roz d p l l" l I Y  l I čl d vě (' ;1s1 i I I i' í c í  1 I 1 1 1 0ž i l l a  1 I 1 ("' l a  (j OO  p n' k l l  
pos l o l l  p t l ost i  <I z a  t.u ( .0 d o b l l  by 1 0  z a regisl rov;i. l 'o  7:\ : \L d�.i I I .  N čl I i' c l l l  o 1 I (' íc í  c l J  I-ad  ;1 c 11 
byly st.a n oveny paral l le t ry l I e l l ro l l ové sít.ě . k l f'pí. l l lp l a  1 sk r.I· l o l l  vrst l' l l  se l . ře l l l i  s k ry
t Ý l l l i  l t e l l rony, což se t 1 a  z;i. ld adě d ří\'i'jšídl  t ('st {1 jed .i a ko dosl a l ei' l l <; ( H l l d a jel- .  Č' í� , 
1 (98 ) .  (lspěštlost p red i kcI" by l a  l esI O\'{u l a  t 1 il l l l l l ož i l l <' prpd i kOl'at l ( c l l  I t O d l l OI . k l C'r;) 
1 1 I� l a  1 6 1  p r v k l t  J loslo l lp l lost i il l n' ln " .v l nll-Pl l a  z ! � )4 rq." is i rol·il l l .\- c l l  dp.i l l .  p j' i (' P I I I Ž 
hy ly p o u ž i t y  :2 k ri t ér i a .  :'-I a  zčí.k l a d p  porol' l l il l 1 í C l t .d l." p red i kcI' s d lo l l l l o d o h o l l  sl red l l í  
h o d l t o t o u  R I\ I S E  a ua z;1 ld a d ě  P ( ) J'ol' I I ;i l l í  p red i kc e  s p red i kc í  posled l t í  L l\ I S !� . 

Výsledky p red i kc e  p o u rl Sl" i S l l l i ck)'dl  dpj l l  za d e l l  . iSO l l  graf'i ck .\· Z 1 t ;) ZO rt l(�t 1 .I· I l a  
o h l' .  Hla) a výsledek predi kcI' S A  d(:;. i l l  zčH<'gisl .ro \'>I I l)· c l l  I' porl l h l l  1 1 ;1 o h r. 1 0 h ) .  Z 
ve l i kost i  cbyby p red i kr p  R M S C  a L I\ I S C  1· .v p l .ý l'<1 . Žl' pred i kol'il l I ;) I l o d l l ol a pO(' 1 I I  
seiS l t l i ck ý c h  i seis l l l očt k ust i ck ý rl l  dp.i l l . ie  lepší  I I PŽ s l  j'('d l l í  I l o d l l ol .a  o "s i  70) % ;, l e pší  
I tež p os le d n í  h o d not.a ( )  asi  40  % .  P ro p red i kc i  sO l l ř l  I I  d l' l d l .'· c 1 1 Od l l lOC l l i l l  e l l l'rg i í  za  
den (obr .  1 0c )  j e  pred i kc e  lepší  asi  o :\0 o/c npž stl'e d l l í  h o d l lot a a o 4 0  <Je lepší  I I PŽ 
p os led n í  hodno t a .  N eúspěšn;i. však h y l a  p rpd i kce s i l l l .'· c l t  d<'.i l l  I' p n,d i ko\,>l l 1 l; (';)sl i 
řady sou č t u  odmocn i n  energ i í .  

Z a n a l ýzy l t ě ko l i k a  v y h r a n)'r 1 1 s i l l l p. iŠích Mj l l  a . iej i ch  z ;h i sl osl  í l I a  I r l t a d  p r ;l c i  
č asovou d i ferend I l lezi  I rh ad ! H a d  a I' Z I t i ke l l l  si l up j š í l t o  dl�.i p  a n �d ;i J P l l ost i o l l l l iska 
o d  porubu - I I vedel lýrl l v 1 a h l l l re  1 . ie  pat rné . že  ne.i dcp . iSO l l  I r b a cí l l l i  p racPl l l i  
ov l i v l I P I l Y  děje ,  kt.eré 1 1 I aj í  své o l l l l isko v b l íz kosl i por l t h l l  d o  cca  L O  - :\0 I I I  I l čH I  s l o.i í . 

Dosab tr l lacích p rací  t l e n í  zce l a  dos t a t.eč u ý  pro e l i l l l i I I Ol' ;) l l í  si l l l)- c l l  d ěj l l  P O C I t ;l Zp-
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j ících ze v z d á lenějších lIilcl ložních v rstev . Tyt o z <Ísél l lY VŠil k vS'raz l l;:'  o\ ' l i v il l lj í \ S
t u pl l í  diltil clo neurouovýcl l sít í .  Všech pět V ) Z l I r t / I IUýrl l  děj l l  ZéI o b d o b í  rélž hy bylo  

l okil l izováno c lo  vě t.Š í v z d á l el lost i od ulwl llé s l oj e ,  a \'šil k zÍsk rí u í  (H laj l"1 SA e l l l i se 

bylo p rováděno p o u ze v u lle lné  s l oj i ,  resp . j P j í l l 1  uej b l i žš í l l l  I l él d loŽí .  Z t.i>dl t O  d l l \'o d ll 

neby lo 1 l 1Ož n é  úspěšuě o d h ad n o l / I  vz u i k  Lpchto s i l n)'ch j ev l / .  Pro z ísb1 1 1 Í  i l l fo /" l l l a cÍ 

z b l íz kost i o b l astí  v z n i k u  o h ll isek " i l llých j P v C! I ly h.v l o  p o l  ř(' h il  1 1 1 1 1 í,,1 i l  SA S l l í l l l » C'P 

ve vyšších piltrech v lIild l oŽ í .  
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